Background: Nowadays, management and recycling of industrial by-products are one of the most important issues in developing and developed countries. Beef tallow is one of these residues produced in slaughter houses and primarily is utilized in soap production industry. However, when this industry is overloaded, the extra fats are usually incinerated or disposed in a sanitary landfill. However, beef tallow may be consumed in biodiesel production. Therefore, in this work, the process of biodiesel production in a pilot plant has been studied using beef tallow as raw material with methanol and potassium hydroxide as catalyst. The quality of the produced biodiesel is evaluated using Fourier transform infrared spectroscopy (FTIR) method. Results: FTIR analysis showed that the final product contains ester compositions which can be used as biodiesel fuel in diesel engines. The viscosity of natural beef tallow was very high, and actually, it was solid; however, after transesterification the viscosity of the final product decreased, and it became liquid. The viscosity of the final product measured at 40°C was 5.3 mm 2 s −1 , and the comparison of this biodiesel with the data of ASTMD-445 standard resulted in the similarity of this product with petroleum diesel (3 to 12 mm 2 s
Introduction
Nowadays, management and recycling of industrial byproducts are one of the most important issues in developing and developed countries. Compared with industrial by-products, the residual materials of agriculture sector are not so dangerous to the environment, and it should be used for increasing the productivity of agricultural tasks. One of the main parts of agriculture is animal husbandry which produces many bio-residues like horn, hoof, and tallow. Beef tallow is one of these residual materials produced in slaughterhouses, and primarily is utilized in soap production industry. However, when this industry is overloaded, the extra fats are usually incinerated or disposed in a sanitary landfill, which can pollute the environment. Therefore, the integrated use of bio-residues produced in slaughterhouses can prevent pollution induced by accumulation of these residues in natural resources. Moreover, it can create new alternative jobs in the agricultural sector. The development of alternative fuels from renewable resources (like biomass) that can partially or totally substitute fossil fuel has newly received considerable attention by researchers (Najafi 2007) . Biodiesel can be defined as fatty acid of ethyl and methyl esters from vegetable oils or animal fats, with high cetane number and, generally, its boiling point and viscosity are suitable for use as fuels in diesel engines. Because this fuel is produced from renewable resources and involves lower emissions than petroleum fuel, it can be used as an attractive alternative fuel. Although the use of biodiesel increases nitrogen oxides slightly, it can cause a reasonable reduction in the main pollutant emissions like particulate material, total hydrocarbons, and carbon monoxide. Therefore, in Iran like our developing countries, the use of beef tallow for biodiesel production has gained special interest, since it allows us to recycle waste materials from cattle slaughterhouses (Zenozi 2008; Kim et al. 2004; Ardebili et al. 2011) . Methyl esters are the product of transesterification of fat and oils with methanol using an alkaline catalyst. The biodiesel need is continually increasing in Iran, requiring an alternative source that will be technically viable, economically competitive, and ecologically correct. This problem is an important challenge to expand the biodiesel industry in Iran (Fallahi Panah 2011).
The objectives of the present work is to consider the production of the biodiesel using beef tallow gathered from slaughterhouses and to find some new resource in Iran in producing the biodiesel.
Methods
The beef tallow used in the biodiesel production was acquired from industrial slaughterhouse in the area of Jouneghan City, state of Chahar Mahal va Bakhtiari, Iran. Water and solid particles suspended in the media must be removed first. To remove the waxy materials, the suspended matters and the residue water, the collected animal fats were slowly heated up to 100°C to be melted. The melted fats were then filtered using a 5-μm strainer and were kept frozen for 24 h to sediment the suspended materials. For the transesterification process, approximately 5 L of the refined beef tallow oil was transferred to the reactor of biodiesel production pilot plant of the Department of Agricultural Machinery, Shahrekord University. During the transesterification process, the oil was heated at 60°C, while 65 g of KOH was dissolved in 1,100 mL pure methanol (99%) in an auxiliary instrument; the mixture was added to the beef tallow oil (Figure 1) . Because of undefined fatty acids in the process, 15 g of KOH was added to the oil for its prosperity. The reactants were stirred for 90 min at 600 ± 10 rpm, and then the stirrer was turned off and the reaction mixture was left in rest to promote the separation of glycerol and methyl esters by gravity. After this, the glycerol form was discharged, and methyl ester form was washed using water (the amount of water was half of the biodiesel instrument capacity) by stirring at 800 rpm to remove the residual catalyst, glycerol, methanol, and soaps. Then, the stirrer was turned off, and the reaction mixture was left in rest for 20 min to sediment the water and other residues at the bottom of the reactor. These processes were repeated (three times) until the gathered water at the bottom of the reactor was crystalline (Figure 2) . After the separation of water, the biodiesel was heated at 70°C for 60 min to purify it and was sent to the storage tank (Kim et al. 2004; Fallahi Panah 2011; Hayyan et al. 2010; Ayhan 2003; Fukuda et al. 2001) .
The beef tallow biodiesel was analyzed using FTIR method to qualify that the biodiesel had the methyl ester compositions. The instrument used in this study was a custom engineered FTIR system (FT/IR-6300) manufactured by GASCO, Inc. (Japan). Furthermore, the biodiesel viscosity was compared with beef fat.
Results and discussion
Biodiesel production by transesterification of triacylglycerols (TGs) should proceed quickly if the feedstock has low moisture and free fatty acid (FFA) content, but it can be problematic if these optimal conditions are not met. The presence of FFAs and moisture in the feedstock are key variables affecting the efficiency of the biodiesel production process, resulting in soap formation and incomplete conversion of TGs to fatty acid methyl esters (FAMEs) as well as complicating subsequent biodiesel purification. Beef tallow is a more realistic feedstock, dirty, containing particulates, and has moisture which should be refined before the transesterification process.
Fourier transform infrared spectroscopy (FTIR) spectroscopy provides a tool by which one can access to many of the key functional groups which are related to biodiesel content, the loss and the formation of ester linkages, production and loss of OH, etc. With the product changing these functional groups undergo well marked changes and can be used to qualify the biodiesel, the TG and FAME Figure 1 Biodiesel production from transesterification method.
FTIR spectra can be distinguished from each other (Tang et al. 2008) . Figure 3 illustrates the IR spectra of the beef tallow biodiesel methyl esters in this region. The FAME of beef tallow oil has several absorption features which can be used to differentiate it. In mid-IR region, FAME has several characteristic peaks at around 1,198, 1,363, and 1,436 cm −1 . When the amount of FAME increases, these peaks increase correspondently. The peak at around 1,198 cm −1 is assigned to O-CH3 initial methyl group stretch. The peak at around 1,436 cm −1 is considered to be the -CH3 asymmetric bending vibrations. At around 1,377 cm −1 , the absorbance of FAME decreases with the increase of FAME amount. Results show that the obtained liquid has a good quality as a biodiesel fuel (Knothe 1999) .
As reviewed in some references, many researchers have fallowed the fuels that have the most consistency with engines, and these fuels cause the lowest changes in engine. One of the fuels that have been used as a diesel engine fuel was crude oil, but this fuel not only had high viscosity but also had free fatty acid compositions that may be polymerized in the fuel system and barred it (Zenozi 2008; Kim et al. 2004; Ardebili et al. 2011; Fallahi Panah 2011) . The researchers tried to reduce the viscosity using some methods such as paralysis, microemulsion, and transesterification. After comparing the methods, transesterification was found to be the best method (Kim et al. 2004 ).
The viscosity is the measure of the resistance to the flow of the fuel and can also be used to select the profile of fatty acids in the raw material used for the production of the bio-fuel. As stated earlier, the viscosity of natural beef tallow was very high, and the tallow was solid. But after transesterification, the viscosity of beef tallow decreased, and it was naturally been liquid. The viscosity measured in the laboratory of Shahrekord University for the biodiesel in 40°C was 5.3 mm 2 s −1
, and after comparing it with the standard ASTM D-445 (range of biodiesel viscosity should be in 1.9 to 6 mm 2 s −1
), it was comparable with petroleum diesel (3 to 12 mm 2 s
−1
). So, it was acceptable.
Conclusions
From the data discussed previously, it is possible to conclude that the alkaline transesterification of beef tallow with methanol produces a high quality biodiesel. Furthermore, beef tallow is one the low cost residual materials available in slaughterhouses. Therefore, the slaughterhouses can be one of the available sources to produce biodiesel. The process is possible, but the economical viability must be improved by recovering methanol and glycerol. The transesterification is an available method to decrease the viscosity of beef tallow that is approved to be used as a fuel for diesel engine cycles. Moreover, according to the previous works (Moraes et al. 2008) , it was shown that other blends of biodiesel/diesel with higher levels of beef tallow biodiesel (B5, B10, B20, and B30) have similar or better fuel properties than diesel, indicating that this is a good way to improve certain properties of diesel without the loss of efficiency or increase in consumption.
